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Recently,  a  new  method  for  suppressing  the  transient  pressure  radiation  ordinarily  produced  by 
a  projector  in  response  to  drive  turnon  and  turnoff  has  been  described  (J.  C.  Piquette,  "Method 
for  transducer  transient  suppression  I.  Theory,"  J.  Acoust.  Soc.  Am.  92,  1203-1213  ( 1992)  and 
"11.  Experiment,”  J.  Acoust.  Soc.  Am.  92,  1214—1221  ( 1992)].  The  experiments  described  in  the 
earlier  reports  involved  application  of  the  method  primarily  to  piezoelectric  spherical 
transducers,  although  one  preliminary  application  to  an  array  of  piezoelectric  tubes  was  also 
considered.  The  present  work  involved  the  application  of  the  method  to  a  variety  of  transducer 
types  to  which  the  method  had  not  been  applied  previously.  These  typ>es  are  (i)  flexural  disk. 

(ii)  Helmholtz  resonator,  (iii)  moving  coil,  (iv)  inductor-tuned  Tonpilz,  and  (v)  a  dual 
transducer  array  of  piezoelectric  squares  and  disks.  A  high  degree  of  transient  suppression  was 
observed  in  all  units  that  were  tested.  Equivalent  circuits  useful  for  designing  the 


transient-suppressing  drive  are  also  provided. 

TACG  numbers:  43.85.Vb,  43.85.Wc,  43.20.Px 

INTRODUCTION 

References  1  and  2  describe  a  new  method  for  achiev¬ 
ing  suppression  of  the  transient  pressure  radiation  ordi¬ 
narily  produced  when  a  transducer  is  stimulated  with  a 
gated-sine  driving-voltage  waveform.  (The  reader  wishing 
to  know  why  the  solution  of  this  problem  is  of  interest,  and 
wishing  to  see  a  summary  of  other  work  in  this  area,  is 
directed  to  Ref.  1 . )  The  method  is  based  on  preforming  the 
drive.  An  equivalent  circuit  is  required  for  the  transducer 
that  is  to  be  driven  in  the  transient-suppressed  mode.  The 
voltage  waveform  appearing  across  the  electrical  elements 
that  represent  radiation  loading  is  taken  to  be  a  scaled 
replica  of  the  pressure  waveform  radiated  into  the  far  field 
of  the  transducer.  The  driving-voltage  waveform  required 
to  produce  a  transient-suppressed  output  is  determined  by 
assuming  a  perfect  gated-.sinusoidal  voltage  across  the 
radiation-load  elements,  and  then  “calculating  backward” 
through  the  circuit  to  the  voltage  source.  Constants  of  in¬ 
tegration  that  arise  during  the  calculation  are  evaluated  in 
such  a  way  as  to  satisfy  the  initial  conditions,  i.e.,  the  initial 
values  of  the  circuit  variables.  During  source  turnon,  the 
initial  conditions  enforce  the  requirements  that  charges 
and  currents  are  zero.  During  source  turnoff,  the  “initial” 
conditions  enforce  the  requirements  that  charges  and  cur¬ 
rents  are  continuous  with  respect  to  their  values  immedi¬ 
ately  prior  to  turnoff.  If  the  number  of  integration  con¬ 
stants  that  arise  in  the  circuit  calculations  is  equal  to  the 
number  of  initial  conditions,  the  transient-suppression  so¬ 
lution  often  is  exact;  otherwise,  it  is  an  approximation. 
(When  the  number  of  integration  constants  is  unequal  to 
the  number  of  initial  conditions,  no  exact  analytical  solu¬ 
tion  exists  to  the  transient-suppression  problem  as  posed  in 
Ref  1.)  The  interested  reader  is  directed  to  Refs.  1  and  2 
for  a  more  detailed  description  of  the  method. 


In  the  preliminary  experimental  work  reported  in 
Ref  2,  the  method  was  applied  to  several  piezoelectric 
spheres  and  to  an  array  of  piezoelectric  tubes.  The  method 
was  shown  to  be  highly  successful  in  suppressing  transient 
radiation  from  the  limited  classes  of  transducer  types  that 
were  tested.  In  the  present  paper,  the  results  of  applying 
the  method  to  broader  classes  of  transducer  types  are  re¬ 
ported.  These  types  are  (i)  flexural  disk,  (ii)  Helmholtz 
resonator,  (iii)  moving  coil,  (iv)  inductor-tuned  Tonpilz, 
and  (v)  a  dual  transducer  array  of  piezoelectnc  squares 
and  disks. 

I.  EQUIVALENT  CIRCUITS 

Figures  1-3  display  the  equivalent  circuits  that  have 
been  found  to  be  useful  in  deducing  the  transient- 
suppressing  driving-voltage  waveforms  for  a  variety  of 
transducers.  Figure  1  shows  the  equivalent  circuit  used  in 
the  previous  work  on  the  present  method;'"  this  cirnnt  ic 
based  on  a  circuit  presented  in  Ref  3.  Figure  2  is  a  mod¬ 
ified  version  of  the  circuit  of  Fig.  1,  including  an  extra 
external  electrical  capacitance  ^ah  and  an  external  split 
tuning  inductor  with  inductance  legs  Z.,  and  L^.  Figure  3 
is  a  modified  version  of  an  equivalent  circuit  for  a  moving- 
coil  transducer,*  in  which  the  radiation-load  electrical  ele¬ 
ments  are  replaced  with  an  inductor  and  resistor  wired  in 
parallel,  as  is  the  ca,se  for  the  radiation  load  in  the  circuits 
presented  in  Figs.  1  and  2.  It  should  be  understood  that 
this  procedure  is  not  as  accurate  as  the  analysis  based  on 
the  circuits  of  Figs.  1  and  2,  since  magnetic  circuits  may 
contain  nonlinear  resistance  components  and  the  mobility 
analogy  upon  which  the  circuit  of  Fig.  3  is  based  requires 
a  series  capacitor  and  resistor  radiation  load  for  frequency- 
independent  circuit  elements.  (Nonetheless,  the  circuit  el¬ 
ements  of  Fig.  3,  as  well  as  those  of  Figs.  1  and  2.  are  taken 


646  J.  Acoust.  Soc.  Am.  94  (2),  Pt.  1,  August  1993 


646 


FIG.  1  Equivalent  circuit  originally  derived  for  a  spherical  transducer.' 
but  successfully  applied  to  an  array  of  pieroelectric  tubes  (see  Ref.  2),  a 
flexural  disk,  a  Helniholt?.  resonator,  and  a  dual  array  of  piezoelectric 
disks  and  squares:  Q — blocked  capacitance;  /..  C,  R — motional  induc¬ 
tance,  capacitance,  and  resistance,  respectively;  L,. .  R , — reactive  and 
resistive  components  of  radiation  loading.  respectively; 

I- — currents.  The  symbol  ARB  denotes  an  arbitrary  waveform 
generator  of  internal  resistance  R,  prixiucing  the  arbitrary  voltage  wave¬ 
form  k'Ct). 

to  be  frequency  independent.)  We  choose  to  use  this  pro¬ 
cedure  since  it  results  in  some  mathematical  simplification 
and.  as  we  shall  see  in  Sec.  II  B,  the  method  produces 
satisfactory  results  in  the  case  to  which  it  is  applied  here.^ 
Since  the  transient-suppression  problem  for  the  equiv¬ 
alent  circuit  of  Fig.  1  is  considered  in  detail  in  Ref.  1, 
further  discussion  of  this  case  will  be  avoided  here. 


A.  Inductor-tuned  Tonpilz  circuit 

The  circuit  of  Fig.  2  is  considered  first.  In  what  fol¬ 
lows.  r  denotes  the  desired  total  duration  of  the  radiated 
pulse,  and  is  assumed  to  be  equal  to  a  whole  number  of 
half-cycles  of  the  drive  frequency.  The  symbol  Wq  denotes 
the  angular  drive  frequency,  f  =  0  is  the  moment  of  source 
turnon,  is  an  arbitrarily  selectable  output-voltage  am¬ 
plitude  [see  Eq.  (2)  of  Ref  1],  ^  is  the  charge  on  capacitor 
C,  and  q/,  is  the  charge  on  capacitor  Q.  By  following  the 
methodology  outlined  in  the  Introduction,  the  drive  volt¬ 
age  for  the  turnon  interval  0  <  f  <  r  is  found  to  be 


FIG  3  Fquisalcni  circuil  for  a  mtnmg-<.oil  iranvduccf,  bawd  nn  Ref  4 
The  electromechanical  traiisformerv  of  Ref  4  have  Iveen  removed  frt'm 
the  circuil  in  the  manner  of  Ref  3,  The  sertes  combmaium  cif  element'' 
Used  in  Ref.  4  to  represent  radiation  loading  lias  been  replaced  by  a 
parallel  combination  of  elements,  also  in  the  manner  of  Ref  The  ele 
ments  L  and  K  represent  combinaiums  of  motional  and  radiatoe  ele¬ 
ments  The  element  C  is  the  nu>iional  capacnatue.  and  is  the  hUs.ked 
inductance  The  remaining  elements  are  as  m  Fig  I  \onlinear  resistance 
effects  are  assumed  to  be  small  and  intentionalU  omitted 


di(!)  q{t) 

V{t)=iXi)R.-^L:  -----  (  L  -i-  ---  -f-  /  ( ; )  /? 

at  (it  C 

-fF„sin(wof)  (0<i<t).  (!) 


where  the  currents  and  charges  are  determined  by  writing 
and  solving  the  usual  loop  and  ntxla!  equations.  For  e.\am- 
ple,  the  equation  obtained  for  the  circuit  parameter 
Il,(0  is 

Kr  ^  v„t  I 

F,, 

X  t  1  -COS(W|/)  1  -  n  - '  Sin(w„/) 


L.  L  R 

+  —  [('/.(O-G  ,(0)  1  +  --  i{t)  +  Y  <?(')  i2) 

Ly  -  ~  L\  L\ 


FIG  2  Equivalent  circuit  for  an  induetor^tuned  Tonpilz  transducer.  The 
elements  /,t,  and  are  external  electrical  elemenls  ir)cludcd  to 
adjust  transducer  performance.  The  remaining  elements  arc  the  same  as  in 
Fig  ! 


[The  explicit  sine  and  cosine  terms  of  Eqs.  (1)  and  (2) 
arise  from  the  assumed  output  voltage.  See  Ref  l.j 

The  drive  voltage  for  the  turnoff  interval  t  .^r  depends 
upon  whether  an  even  or  odd  number  of  half-cycles  is 
radiated.  For  the  even-number  half-cycle  case,  we  find 


y,JRj  K„r 

(t  -  7)  -y /;,(  7)/?,-f  ----- 


{r.^7,  even  number  of  half-cycles). 


and  for  the  odd-number  half-cycle  case  we  find 
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VU}=^-——(r~Tt)  +  ~— 


1  R 

J  'jc  ^  Z“ 


it-r) 


Jf  i,  (r)/?,+  1-f --•  I  —  + 

C  j  Z.,,/J(, 


LuCio^) 


(2/-7}4-;^^  + 


2V,Ji 


(/>r,  odd  number  of  half-cycles).  (4) 

It  is  interesting  to  note  that  in  addition  to  the  pedestal, 
ramp,  and  phase-shifted  sinusoidal  components  that  were 
found  to  be  needed  to  drive  the  circuit  of  Fig.  1  in  the 
transient-suppressed  mode,'  the  circuit  of  Fig.  2  is  found  to 
also  require  a  parabolic  drive  term  [note  Eq.  (2)]. 

B.  Moving  coil  with  parallel-element  radiation  load 

Once  again  following  the  methodology  outlined  in  the 
Introduction,  we  find  by  analyzing  the  circuit  of  Fig.  3  that 
the  drive  for  the  turnon  interval  is 


V{t)=i,ii)R,+  Lt, 


di,{t) 

dr 


-4-  F„sin(fi)oO 


(t>  r>  0), 

(5) 


where 


/,  ( f )  =  C  F, A>n  cos  ( W(|f )  -b  ^  sin  ( (o„t ) 


+  7-^  [  l-cos(«;of) ).  (6) 

LiO() 

As  usual,  the  turnoff  drive  assumes  different  forms  for 
the  even-number  and  odd-number  half-cycle  output  cases. 
For  the  even-number  half-cycle  case,  we  find 


FIG.  4.  Observed  responses  of  the  fle.sural  disk  iransoucer  Frequenes  is 
I  kHz.  Digitizafior  r.i(e  used  in  data  acquisiiion  uas  2^0  kHz.  (a  j  gated- 
sine  response;  (b)  iransient-suppresssd  lesponse.  Sicady-stale  behavior  is 
seen  after  approximately  1  cycle.  Arrival  of  facility  reflections  shortly 
after  data  point  KXX)  is  evident,  W'aveform  was  acquired  using  an  80-dB- 
per-decade  low-pass  filter  with  its  cutolf  set  at  5  kHz  to  inhibit  observa¬ 
tion  of  higher-order  vibralional  modes. 


F(;)=:0  (f>r.  even  number  of  half-cycles).  (7) 

For  the  odd-number  half-cycle  case,  we  find 


me'hod  described  in  Refs.  1  and  2  without  the  necessity  of 
analytically  solving  the  relevant  high-order  differential 
equation. 


F(f) 


2F„R, 

Lcoq 


{l2iT,  odd  number  of  half-cycles). 

(8) 


II.  APPLICATIONS  TO  VARIOUS  TRANSDUCER 
TYPES 

A.  Numerical  implementation 

The  method  described  in  Refs.  1  and  2  requires  that  a 
high-order  differential  equation  be  solved  in  the  general 
case.  However,  sinusoidal  steady-state  circuit  analysis  is 
often  preferable  to  directly  solving  the  differential  equa¬ 
tion,  especially  since  modern  computers  perform  Fourier 
transforms  and  their  inverses  quite  efficiently.  The  circuit 
response  to  an  arbitrary  drive  is  deduced  by  first  decom¬ 
posing  the  drive  into  steady-state  sinusoids  via  the  discrete 
Fourier  transform  (DFT),  multiplying  each  frequency 
component  by  the  circuit  transfer  function,  and  then  syth- 
esizing  the  output  waveform  using  the  inverse  DFT.  This  is 
precisely  the  approach  that  was  u.sed  here  to  implement  the 


B.  Applications 

The  fir.st  example  we  examine  is  that  of  a  flexural  disk 
transducer  with  a  ^of  about  12  and  a  resonance  frequency 
of  about  1  kHz.  This  transducer  has  been  studied 
previously^  since  its  large  Q  and  low  resonance  frequency 
makes  accurate  calibration  of  this  device  difficult  to 
achieve  in  existing  test  facilities. 

The  response  of  this  transducer  to  a  1-kHz  gated-sine 
drive  is  shown  in  Fig.  4(a).  This  waveform  was  acquired  in 
the  Lake  Facility  of  USRD,  where  approximately  4  ms  of 
reflection-free  data  can  be  acquired.  It  is  evident  from  Fig. 
4(a)  that  the  transducer  has  not  achieved  steady  state  by  4 
ms  and,  in  fact,  this  device  would  require  about  12  ms  to 
achieve  steady  state. 

The  transient  suppression  method  was  next  applied  to 
the  transducer.  Although  the  equivalent  circuit  of  Fig.  I 
was  originally  devised  for  a  spherical  transducer,'  it  was 
found  in  the  present  work  to  also  be  suitable  for  evaluating 
the  flexural  disk  transducer.  When  driven  at  re.sonancc  us- 
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ing  the  transient-suppressing  driving-voltage  waveform  de¬ 
rived  from  the  equations  of  Ref.  1,  the  pressure  waveform 
of  Fig.  4(b)  was  produced.  [In  Fig.  4(a)  and  (b),  as  well 
as  in  subsequent  figures,  the  arbitrary  units  used  are  con¬ 
sistent  between  each  gated-sine  and  transient-suppressed 
waveform.  Therefore,  the  reduction  in  amplitude  due  to 
driving  in  the  transient-suppressed  mode,  as  discussed  in 
Ref  2,  is  apparent.]  The  waveform  displays  reasonably 
steady-state  behavior  after  about  1  cycle.  Thus,  the  present 
method  has  effectively  reduced  the  Q  of  the  transducer 
from  about  12  to  about  1.  Note  also  from  Fig.  4(b)  that 
the  arrival  of  surface  and  bottom  facility  reflections 
(shortly  after  about  data  point  number  1000)  is  evident,  in 
contradistinction  to  Fig.  4(a).  The  difficulty  in  seeing  the 
reflected  arrivals  in  Fig.  4(a)  can  be  understood  from  the 
fact  that  the  gradual  exponential  turnon  of  the  transducer 
in  the  gated-sine  drive  mode  causes  the  reflections  to  blend 
smoothly  with  the  directly  radiated  waveform,  while  the 
rapid  turnon  of  the  transient-suppressed  waveform  causes 
reflected  arrivals  to  add  to  the  direct  radiation  in  an  easily 
visible  stair-step  manner. 

Another  transducer  for  which  the  circuit  of  Fig.  1  was 
found  to  be  suitable  is  the  French  JANUS’  Helmholtz- 
resonator  transducer.  This  transducer  has  two  resonances, 
one  at  about  630  Hz  and  another  at  about  1080  Hz.  In  Fig. 
5(a)  is  shown  the  response  of  the  JANUS  Helmholtz 
transducer  to  a  650-Hz  gated-sine  drive.  This  waveform 
was  again  acquired  in  the  USRD  Lake  Facility,  so  data 
points  after  approximately  data  point  1000  are  contami¬ 
nated  with  surface  and  bottom  facility  reflections.  None¬ 
theless,  the  high  Q  of  the  transducer  is  apparent.  The  re¬ 
sponse  of  the  JANUS  Helmholtz  transducer  to  the 
transient-suppressing  drive  designed  using  the  equivalent 
circuit  of  Fig.  1  is  displayed  in  Fig.  5(b).  The  effects  of 
higher-order  modes  are  evident  in  the  early  portions  of  the 
waveform.  Steady  state  appears  to  have  been  achieved  after 
about  2  cycles.  Although  surface  and  bottom  reflections 
are  still  expected  at  about  data  point  number  1000,  the 
influence  of  these  reflections  in  this  case  appears  to  be  rel¬ 
atively  small. 

We  consider  next  a  Tonpilz  transducer.  This  trans¬ 
ducer  has  additional  external  electrical  elements,  including 
a  split  tuning  inductor.  The  behavior  of  this  device  is  well 
described  by  the  equivalent  circuit  of  Fig,  2.  The  gated-sine 
response  near  resonance  is  shown  in  Fig.  6(a),  and  the 
transient-suppressed  response  based  on  the  circuit  of  Fig.  2 
is  shown  in  Fig.  6(b).  This  transducer  has  a  Q  of  about  8. 
As  can  be  seen  from  Fig.  6(b),  the  present  method  has 
reduced  the  effective  Q  to  about  2.5. 

In  Fig.  7(a)  is  shown  the  response  of  a  J9  (moving- 
coil)  transducer**  to  a  gated-sine  drive  at  500  Hz.  The  cor¬ 
responding  transient-suppressed  waveform,  obtained  by 
analyzing  the  circuit  of  Fig.  3,  is  shown  in  Fig.  7(b).  [The 
500-Hz  frequency  was  selected  for  examination  here  be¬ 
cause  the  response  of  the  transducer  at  this  frequency,  dis¬ 
played  in  Fig.  7(a),  clearly  exhibits  the  non.sinusoidal 
waveshape  that  characteristically  results  when  a  resonant 
transducer  is  driven  with  a  gated  sinusoid  ]  The  negative- 


FIG.  5.  Observed  responses  of  ihe  JANUS  Helmholtz  resonator  Data 
acquisition  rate  was  250  kHz.  ia)  response  (o  a  i’ated-sine  dnve  of  fre¬ 
quency  650  Hz;  (b)  resptinsc  to  the  transient -suppressing  drive  of  650  Hz, 
No  eieclrical  filtering  was  used  in  data  acquisition  so  Ihe  effects  of  the 
transducer’s  higher-mode  resonances  would  be  visible 


going  signals  appearing  near  the  ends  of  Fig.  7(a)  and  (b) 
are  surface  reflections. 

The  final  example  considered  here  is  the  F33 
transducer.*  This  case  is  of  interest  because  it  has  been 
considered  previously  as  the  object  of  a  transient- 
suppression  study,"*  (The  desired  Hanning-windowed  sinu¬ 
soidal  output  waveforms  considered  in  Ref  9,  however, 
exhibit  much  more  gradual  turnon  and  turnoff  character¬ 
istics  than  the  desired  gated-sine  output  waveforms  consid¬ 
ered  here,  and  thus  exhibit  significantly  narrower  band¬ 
width.  The  method  of  Ref.  9  utilized  an  inverse  transfer- 
function  approach  to  determine  the  required  driving- 
voltage  waveform.  Inverse  transfer-function  methods 
encounter  difficulties  at  zeros  of  the  transfer  function.  The 
introduction  of  additional  ad  hoc  functions  into  the  trans¬ 
fer  function  was  thus  found  in  Ref.  9  to  be  necessary  to 
successfully  model  the  low-frequency  behavior  of  the  F33. 
The  present  method  on  the  other  hand,  requited  only  an 
analysis  of  the  circuit  of  Fig.  1  to  determine  the  required 
waveshape  of  the  driving-voltage  waveform.) 

The  F33  is  a  dual  array  of  piezoelectric  elements,  de¬ 
signed  to  cover  a  relatively  broad  frequency  band  of  1-50 
kHz  when  both  arrays  are  driven  simultaneously.  In  Fig. 
8(a)  is  displayed  the  response  of  the  F33  to  a  4-cycle  10- 
kHz  gated-sine  driving-voltage  waveform,  while  Fig.  8(b) 
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(a)  DATA  POINTS  (EACH  POINT=1  MICROSECOND) 


FIG.  6.  Observed  responses  of  an  induclor-luned  Tonpilz  transducer.  An 
80-dB-per  decade  low-pass  filter  with  its  cutoff  set  approximately  I  3/4 
octaves  above  the  drive  frequency  was  used  in  data  acquisition  to  inhibit 
observation  of  the  effects  of  higher-mode  resonances.  Data  acquisition 
rate  was  1  MHz:  (a)  gated-sine  response;  (b)  transient-suppressed  re¬ 
sponse. 

shows  the  corresponding  transient-suppressed  response. 
The  signal  appearing  at  the  right  side  of  Fig.  8(b)  is  not 
the  result  of  a  facility  reflection  as  might  be  suspected. 
Rather,  it  is  a  ringdown  that  occurs  when  the  pedestal 
component  of  the  transient-suppressing  drive  that  is  ap¬ 
plied  during  the  turnoff  interval  is  released.  (See  Fig.  4  of 
Ref.  1.)  The  appearance  of  this  ringdown  can  be  delayed 
arbitrarily  by  sufficiently  lengthening  the  duration  of  the 
turnoff  pedestal. 

ill.  SUMMARY,  DISCUSSION,  AND  CONCLUSIONS 

Applications  of  the  transducer  transient  suppression 
method,  originally  described  in  Refs.  1  and  2,  to  broad 
classes  of  transducers  to  which  the  method  had  not  been 
applied  previously  have  been  described.  The  transducer 


(a)  data  points  (each  P0INT=5  microseconds) 


(b)  data  points  (EACH  P0INT=5  MICROSECONDS) 

FIG.  7.  Observed  responses  of  the  J9  transducer  Data  acquisition  rate 
was  500  kHz:  (a)  gated-sine  response;  (b)  transient  suppressed  resp.  Tse. 

types  to  which  the  method  has  been  newly  applied  are  (i) 
flexural  disk,  (ii)  Helmholtz  resonator,  (iii)  inductor- 
tuned  Tonpilz,  (iv)  moving  coil,  and  (v)  a  dual  array  of 
piezoelectric  disks  and  squares.  A  high  degree  of  transient 
suppression  was  observed  in  all  units  that  were  tested. 

It  has  been  found  that  the  simple  equivalent  circuit 
considered  in  Ref.  1  is  unusually  effective  (and  perhaps 
unreasonably  effective)  in  designing  the  driving-voltage 
waveform  required  to  reduce  turnon  and  turnoff  transient 
pressure  radiation  from  a  projector.  This  simple  circuit  was 
shown  here  to  be  effective  in  reducing  transient  radiation 
from  the  flexural  disk,  JANUS  Helmholtz,  and  the  dual 
piezoelectric  element  array.  These  three  transducer  types 
are  additional  examples  beyond  the  three  piezoelectric 
spheres  and  the  array  of  piezoelectric  tubes  that  were 
shown  in  Ref.  2  to  have  their  transient  radiation  effectively 
suppressed  by  using  a  waveform  deduced  by  analyzing  the 
circuit  of  Fig.  1.  Only  a  relatively  minor  modification  of 
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FfG.  S.  Oh.wrved  raporvcs  of  (he  F33  (ra/i.sduecr.  Frequency — 10  kH/.. 
Data  acquisition  rate  was  4  MHz:  (a)  galed-sme  response;  (b)  (ransienl- 
suppressed  rtsponsc 

this  original  circuit  was  required  to  account  for  the  influ¬ 
ence  of  the  additional  external  electrical  elements  included 
with  the  Tonpilz  transducer  that  was  studied  (see  Fig.  2). 
Why  the  simple  circuit  of  Fig.  1  should  be  so  effective  in 
deriving  the  transient-suppressing  waveform,  even  when  it 
is  applied  to  transducer  types  that  are  so  different  from  the 
piezoelectric  sphere  for  which  it  was  originally  developed, 
is  unknown.'*' 

Future  research  in  this  area  includes  developing  a 
computer-disk  library  of  equivalent  circuit  element  values 
to  permit  'ransient-.suppres.sed  operation  of  a  wide  variety 
of  standard  transducers.'*  The  success  of  *he  present  re¬ 
search  suggests  that  only  the  three  equivalent  circuits  of 
Figs.  1-.3  may  be  required  to  drive  any  of  the  transducers 
of  Ref.  8  in  the  transient-suppressed  mode.  Other  research 


concerns  the  modification  of  the  trai.  tent-suppressing 
waveform  in  a  way  that  would  permit  easier  electronic 
implementation  than  the  present  W'aveshapes  (which  in¬ 
clude  troublesome  pedestal,  ramp,  and  parabolic  compo¬ 
nents).  Applications  of  the  method  to  transducer  calibra¬ 
tion  and  to  reflection  and  scattering  measurements  are  also 
anticipated. 
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